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The question of the basal metabolism at various ages has been dis-
cussed in Paper 12 of this series, and the references to the literature
have already been published. It was apparent that our knowledge of
the energy exchanges in old age depended almost entirely on the care-
ful work of Magnus-Levy and Falk1 who studied five old men and
seven old women. These results were used by us in drawing the curves
which indicated the average level of metabolism at various ages, but it
was apparent that after the age of 43 the points on the chart were
scanty. This present work is an attempt to fill in the gap.
An effort was made to find men 90 to 100 years old, but it was
impossible to obtain suitable subjects. The age limits were then
reduced to between 75 and 85 years, and, after much labor, six men
were obtained who fulfilled the requirements. They were either inmates
of the New York City Home for Aged and Infirm on Blackwell's Island,
or men from other institutions about to be transferred to this home.
They were all in good condition and fairly well nourished, though on
plain and somewhat scanty diets. Considering their ages, they were in
good health, though most of them suffered from arteriosclerosis,
chronic interstitial nephritis and emphysema, which "normally" accom¬
pany advanced years. They were about as active as most persons of
their time of life, none of them being engaged in regular work.
The men were selected by one of the writers from the somewhat
limited number over 75 years of age who were in the City Home or
Municipal Lodging House. Only those in fair health, with clear and
apparently reliable histories as to their ages, were chosen, and an effort
Submitted for publication Dec. 19, 1916.
Clinical Calorimetry, Eighteenth Paper, The Number of Places of Signifi-
cant Figures in the Data of Metabolism Experiments, by Gephart, Du Bois and
Lusk was published in the Journal of Biological Chemistry, 1916, 27, 217.
From Russell Sage Institute of Pathology, in affiliation with the Second
Medical Division, Bellevue Hospital.
1. Magnus-Levy and Falk: Der Lungengaswechsel des Menschen in ver-
schiedenen Alterstufen, Arch. Anat. u. Physiol., 1899, Suppl., p. 315.
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was made to pick out men who would cooperate in the experimental
procedure. Most of them were delighted with the change of food and
scene when they were taken from the almshouse to the metabolism
ward. All the experiments were made in the morning, the men being
placed in the calorimeter with no breakfast except a cup of "caffein-
free" coffee. The old men were about as quiet as the younger controls,
with the exception of one whose test had to be repeated.
CASE HISTORIES
Case 1.—History.—Andrew O'C, 77 years old, formerly a car driver, now
an inmate of City Home. As a young man he served in the army at the
outbreak of the Civil War. He says that he has never been sick, except two
years ago, when he was in the hospital for two months with fever. The hair
in the axillae has always been scant and he has never had any hair on Kis
thorax. During most of his life he drank about a pint of whisky a day but
has had none for six months. He has had no libido for seven or eight years.
Recently he has been spending his winters in the City Home and his sum¬
mers at work. He feels perfectly well and gives no symptoms except frequency
of urination at night.
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Fig. 1.—Curve showing the level of metabolism at different ages. Results
are expressed in terms of calories per hour per square meter of surface area(Linear and Height-Weight Formulas). In accordance with the findings in
the present series, the line is somewhat higher in old age than in the curves
published in previous papers.
Physical Examination.—A well nourished man, with white hair and slightly
wrinkled skin, who looks about 65 years old. No arcus senilis. Heart sounds
are of good quality, with an occasional premature systole. There is a faint
blowing systolic murmur at the apex. Blood pressure: 235 mm. systolic;
100 mm. diastolic. The pubic hair is scant and of feminine type. Genitalia
normal.
The man was of active disposition and spent most of his time walking about
the ward. He was the least senile of the group.
Case 2.—History.—Henry L., 78 years old, formerly a baker, now an inmate
of City Home. Six years ago he broke his leg and was in the hospital five
months. He passes urine twice at night. He has used alcohol sparingly, but
has taken a great deal of snuff.
Physical Examination.—Well nourished, skin wrinkled, looks his full age.
There is a slight tremor of the hands. Thorax deep, breath sounds emphy-
sematous, with fine râles at the bases. The left border of the heart percusses
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13 cm from the median line. There are a few premature systoles ; no mur¬
murs. The radial walls are not palpable. Blood pressure: 155 mm. systolic;
80 mm. diastolic.
His disposition was quiet and he spent most of his time in the hospital
sitting in a chair. The first time he was in the calorimeter, March 13, he
did not understand the instructions and was very restless, taking snuff, coughing,
sneezing and moving about. The second time he was in the calorimeter,
March 18, he was quiet and the observation was satisfactory.
Case 3.—History.—Charles H., 79 years old, formerly a cigar maker, now
in City Home. Ten brothers and sisters lived to be over 70 years of age.
Two years ago he had pneumonia. He passes urine two or three times at
night. He has been a moderate drinker of beer and a heavy smoker. No
libido for the past five years. He feels perfectly well except for a slight cough
in the morning.
Physical Examination.—Rather thin, skin flabby and much wrinkled; well
preserved for his age. Thorax deep ; breath sounds emphysematous. Left
border of cardiac dulness 15 cm. from median line. Blood pressure: 210 mm.
systolic; 100 mm. diastolic. Urine contains trace of albumin.
His disposition was active and restless and he spent most of his time
standing about the ward or working.
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Fig. 2.—Part of Figure 1 with dots representing the findings in the old
men of this series.
Case 4.—History.—Charles W., 80 years old, formerly a waiter, for the last
year and a half an inmate of City Home. Two years ago his arm was injured
in an accident. He was formerly very alcoholic. Fifty-five years ago he had
lues. No libido for seven years.
Physical Examination.—Well nourished, skin wrinkled, left border of cardiac
dulness 14 cm. to left of median line. At the apex there is a faint systolic
murmur. Blood pressure : 180 mm. systolic ; 80 mm. diastolic. Breath sounds
are emphysematous, with coarse râles at the bases. The urine is normal.
Wassermann reaction negative.
This was the most senile of the group. All day long he sat motionless in
his chair, taking but little interest in his surroundings.
Case 5.—History.—William C, 83 years old, formerly a newspaper writer,
now waiting to be admitted to the City Home. He has had no alcohol for
the last forty years, but has smoked excessively. His health has always been
good. One week ago he developed a slight cough.
Physical Examination.—Well nourished, skin wrinkled, hair white. Heart
normal except for occasional premature systoles. The breath sounds are
emphysematous. His disposition is cheerful and he is fairly active. The urine
contained 49 gm. glucose on a carbohydrate intake of 190 gm. daily. He had
no acidosis.
Case 6.—History.—John B., 83 years old, formerly a storekeeper, now
waiting in Bellevue Hospital until he can find a place in a home for the aged.
Downloaded From: http://archinte.jamanetwork.com/ by a University of Pittsburgh User  on 07/29/2013
TABLE 1.—Old Men. Data of-
Subject,
Date.
Weight,
Surface Area,
Linear Formula
Period
End
of
Period
Carbon
Dioxid,
Gm.
Oxygen,
Gm.
R. Q.
urine  
Water, per
Gm. Hour,Gm.
Indirect
Calo¬
rimetry,
Cal.
Casel.(Andrew O'C.)
5/8/16
69.7 Kg.
1.87 Sq. M.
Case 2 (Henry L.)3/13/16
67.9 Kg.
1.85 Sq. M.
HenryL.3/18/16
68.9 Kg.
1.85 Sq. M.
Case 3 (Chas.
 .)
5/3/16
52.9 Kg.
1.66 Sq. M.
Case 4 (Chas. W.)
5/4/16
69.1 Kg.
I 1.82 Sq. M.
i
«
Case5(Wm. C.)..
3/2/16
62.9 Kg.
1.83 Sq. M.
Case 6 (John  .).
11/4/1550.5 Kg.
1.48 Sq. M.
Prelim.
1
2
Aver.
Prelim.
 
2
Aver.
Prelim.
 
2
Aver.
 
2
Aver.
Prelim.
 
2
Aver.
Prelim.
1
2
Aver.
Prelim.
1
2
Aver.
10:35
11:35
12:35
11:43
12:43
1:43
11:31
12:31
1:31
10:26
11:16
12:26
10:31
11:31
12:31
11:39
12:39
1:39
11:55
12:55
1:66
22.3
22.5
24.6
25.1
22.0
23.S
15.7
23.4
17.3
10.9
20.(1
21.7
16.7
16.4
20.0
20.0
22.2
24.2
1S.0
20.7
14.1
21.2
15.4
15.0
17.0
1S.1
13.5
13.S
0.82
0.82
0.81
0.76
0.89
0..-4
0.81
0.80
0.S2
0.S2
0.86
0.S7
0.7S
0.76
31.6
31.0
31.6
34.6
19.9
25.0
22.4
32.1
27.5
25.5
22.6
24.4
21.7
21.8
0.562
0.562
0.2885
0.2885
0.291
0.291
0.238
0.238
0.228
0.228
Lost
Lost
0.268t
0.268t
71.2
79. S
01.3
47.2
70.8
57.3*
61.5*
51.2
52.1
66.3 78.0
78.0
51.5 60.4
50.2
* Calculated ¡rom table of Magnus-Levy, assuming 15 per cent, of calories from protein,
t Calculated from 24-hour specimen.
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-Calorimeter Experiments
Rectal
Temp.,
C.
37.2
87.1
86.9
ST.2
37.1
37.2
37.1
86.9
37.4
37.3
37.4
37.0
86.8
S6.7
36.7
36.7
3«.7
36.7
36.7
Aver¬
age
Pulse
Work-
Adder,
Cm.
74
70
70
72
74
55
55
00
03
49
51
14
11
31
34
7
SO
10
47
28-
33—
Non-
protein
R. Q.
0.80
0.82
0.5 I
0.75
0.90
0.84
0.81
O.SO
0.82
0.82
0.78
0.75
Per Cent.
Calories from
Calories
per Hour
Pro¬
tein
Carbo-
Pat ' byd.
12
12
14
14
3(1
00
54
65
64
74
28
68 22
34
23
22
12
Per
Kg.
0.05
0.74
0.94
Per
Sq. M.(Lin.)
35.0
35.
27.9
Remarks
Basal; in bed
Very quiet
Very quiet
In bed; 18 bours
after food
Restless, coughing
Restless, coughing(observation not
included in av¬
erages)
Basal; in bed
Very quiet
Quiet
Basal; in bed
Very quiet; 50
min. period
Fairly quiet; 70
min. period
Basal; in bed
Motionless
Almost motionless
Very quiet; dozed
45 minutes
Quiet; awake
Basal; in bed
Fairly quiet
Restless last 10
minutes
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His mother died at the age of 93. The patient himself has always been rather
weak physically. Over twenty-five years ago he had malaria and yellow fever,
which caused deafness in the right ear. Ten years ago he discovered that
his right eye was almost blind. For the last two or three years his memory
has been failing, particularly for recent events. He has been a heavy smoker
and when young was moderately alcoholic. At present he has marked nocturia.
He kept at his clerical work until July, 1915.
Physical Examination.—Well preserved old man, skin only slightly wrinkled,
moderate flabbiness of flesh, slight tremor of hands, gait shuffling. The right
eye shows a cataract. The heart is slightly enlarged, with an occasional pre¬
mature systole. There is a faint systolic murmur at the apex and a rough
diastolic murmur. Radiais are faintly palpable. The lungs are emphysematous.
Blood pressure : systolic, 180 mm. ; diastolic, 100 mm. Temperature normal ;
pulse, 55 to 75.
This patient was becoming senile rather rapidly. At the time of the
calorimeter observation he was fairly active and spent some of his time
walking about the ward. A month or so later he was almost blind, failing
mentally and glad to stay in his chair all day.
DISCUSSION OF RESULTS
The calorimeter findings on the group of old men can be compared
directly with the findings on Boy Scouts and normal adults between
the ages of 20 and 47. The experimental methods used with all of
these subjects were the same in almost all particulars. There was,
however, one difference between the groups which could not be avoided.
The younger subjects were active men on liberal diets, and almost all
of them came to the calorimeter room from their homes on the morn¬
ings of the experiments. The old men were beyond the working age,
they had been on rather meager fare, and they were all kept in the
metabolism ward for several days before the tests were made. All of
these factors tend to decrease the total metabolism in the same manner
in which cage life affects a dog.2 Still they are part and parcel of old
age. It would be difficult to find hard working men of 80 on large
diets, or normal men in the prime of life leading the existence of
octogenarians.
If we look at the results of the calorimeter experiments we are
struck by their uniformity in five of the observations. The first experi¬
ment on Henry L. is published for the sake of completeness, but it
cannot be considered a test of the basal metabolism. The old man was
stupid and did not understand the instructions to stay quiet. He
turned frequently from side to side and inhaled snuff which he had
smuggled into the calorimeter. This made him cough and sneeze. The
second time he was in the calorimeter he was quiet and the observation
was very satisfactory. It will be noted that the metabolism of
Charles W. was unusually low. This may be accounted for by the fact
that he was much more senile than the others. ' While this finding is of
2. Lusk, G.: Animal Calorimetry, Paper 11, Jour. Biol. Chem., 1915, 20, 565;
and Allen and Du Bois : Clinical Calorimetry, Paper 17, The Archives Int.
Med., 1916. 17, 1056.
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TABLE 2.—Old Men. Clinical Data1
Case Number
Name and
Date
Pood
Casel
Andrew O'C.
5/ 7/16
5/ 8/16
5/ 9/16
5/10/16
5/11/16
5/12/16
Case 2
Henry L.
3/10/16
3/11/16
3/12/16
3/13/16
3/14/16
3/15/16
3/16/16
3/17/16
3/18/16
Case 3
Charles H.
5/3/16
5/4/16
Case 4
Charles W.
5/3/16
5/4/16
Case 5
William C.
3/2/16
Case 6
John B.
11/ 4/15
12/12/15
12/13/16
Total Car-
Calo- bo¬
rles hyd.,
Gm.
2,354
2,524
2,592
2,443
3,043
3,043
2,924
3,511
3,577
3,460
2,008
1,765
1,825'
1,364
1,450
1,326
223
240
27S
277
445
436
2,766 286
2,885 j 310
2,824 304
323
353
352
326
1,954 184
2,29» 218
Fat,
Gm.
Pood
N.,Gm.
125
135
130
130
120
125
129
[35
128
131
ISO
186
L86
101
121
220
153
191« 82
126
195
189 j
10.7
11.2
7.2
4.0
4.0
4.1
15.4
13.9
15.0
14.7
14.3
15.0
15.4
10.2
11.0
11.0
7.9
3.4
3.2
Urine
•N.,Gm.
9.1
9.5
9.4
7.2
7.2
4.0
9.0'
0.1-
7.2
7.5
10.4
7.1
7.1
6.4
7.0
4J
Feces
 .,Gm.
1.1
1.1
0.7
0.4
0.4
0.4
1.5
1.4
1.5
1.5
1.4
1.0
1.5
1.0
1.1
1.0
0.9
Ex¬
creta
N.,2
Gm.
Nitro¬
gen
Bal¬
ance,Gm.
10.1
10.6
10.1
7.0
7.0
4.4
10.3
9.5
10.5
8.4
7.4
7.9
+0.6
+0.6
—2.9
—3.6
—3.6
—0.4
+ 5.1
+4.4
+4.5
Body
Wt.,
Kg.
+6.0
+5.4
+3.7
+6.8
+1.8
+1.7
+2.4
+1.2
Urine
Vol¬
ume,
C.c.
Calo¬
ries
per
Kg.
70.2
70.1
69.1
09.1
07.9
68.7
09.1
09.0
52.9
53.6
50.5
51.0
1,100
1,675
1,420
1,760
1,630
1,440
1.6003
760
1,030*
1,037s
580
650
960
600
1,045
80O
1,480
1,660
1,940"
1,230
29
11
50
51
50
27
1. Temperature normal in all cases throughout the experiments.
2. Excreta nitrogen calculated as urine nitrogen plus 10 per cent, of food nitrogen.
3. Twenty-three hours fifteen minutes.
4. Twenty-three hours thirty minutes.
5. Twenty-three hours thirty minutes.
6. 48.7 gm. glucose in urine.
7. Approximately.
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importance in showing the great depression in metabolism which may
occur in old age, we are not justified in using it to obtain the average
figure which represents the heat production of men of his age. The
average for the other five men was 35.1 calories per square meter per
hour, and the average deviation from this mean was a little over 1 per
cent. When we take the group of fifteen younger men studied in the
calorimeter, we find an average deviation from the mean of about
3 per cent. The results on Charles W. show a deviation of 21 per cent,
from the average of the other old men. He is therefore excluded from
the averages as the result of the rule which debars an observation in
which the deviation from the mean is greater than four times the
average deviation.
TABLE 3.—Old Men. Summary
Case Number
and Name
Age,
Yra.
Weight,
Kg.
Height,
Cm.
Signs
of
Sen¬
ility
Surface
Area
(Lin.)
Sq. M.
Total Calories Cai. per Hour
in 2 Hours
Indirect Direct
Per
Kg.
Per
Sq. M.
Per
Cent. ¡ Av.
from R. Q.
Adult,
Av. 39.7
1. Andrew O'C.
2. Henry L...
Henry L...
3. Charles H.
4. Charles W.
5. William C.
6. John B. ...
0(1.7
07.0
08.9
52.9
69.1
62.9
50.5
171
167
103
104
103
158
+
+ +
+
+ + +
+ +
+ + +
1.S7
1.85
1.85
1.66
1.82
1.73
1.48
133.3
154.0
130.7
118.0
101.7
118.8
103.3
143.4
1B0.5
126.1
114.6
105.3
121.2
06.2
0.962
1.13
0.949
1.12
0.736
0.944
1.02
35.6
(41.6)*
35.3
35.6
27.9t
34.3
34.9
—10 0.81
(+ 5)* 0.78
—il ; 0.S6
—10 0.80
—30t 0.82
—14 ; 0.86
—12 0.77
71
73
55
05
50
Total or aver. 859.3 0.81
* Excluded from averages on account of restlessness.
t Excluded from averages on account of unusually low metabolism.
The average heat production of the five men between the ages of 77
and 83 was 35.1 calories per square meter per hour, which is about
12 per cent, below the average for men between the ages of 20 and 50.
This depression in old age is about 7 per cent, less than had been
assumed by one of us in a curve based on results obtained by other
investigators.3 As one might expect, the depression of metabolism is
somewhat proportional to the degree of senility.
The respiratory quotients lie between the figures 77 and 86, the
average being 81. The method of direct calorimetry gives a total of
859.3 calories for the seven experiments, which is within 0.1 per cent.
of the total obtained by the independent method of indirect calorimetry(859.8 calories). This agreement is unusually close for two-hour
experiments.
3. Du Bois, E. F.: The Respiration Calorimeter in Clinical Medicine, Am.
Jour. Med. Sc., 1916, 151, 781.
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SUMMARY AND CONCLUSIONS
A group of six men between the ages of 77 and 83 were studied in
the calorimeter. Their average basal heat production was 35.1 calories
per square meter per hour, which is 12 per cent, below the average for
men between the ages of 20 and 50. The methods of direct and indirect
calorimetry agreed closely and the respiratory quotients were all within
normal limits.
Note.—At the suggestion of Drs. Means and Boothby, a set of normal stand¬
ards for various ages has been calculated from the age curve published in this
paper and Lusk's "Science of Nutrition," third edition, 1917. These will be
used in the Sage publications after the present series, until changes in the
curve are made by the addition of new data. The figures for females are
calculated as 7 per cent, below the average for males, more data, however,
being desirable to establish for the female sex the general validity of this method
of computation.
Calories Pee Square Meter of Body Surface Per Hour(Height-Weight Formula)
Age, Years Males Females
14-16. 46.0 43.0
6- 8. 43.0 40.0
18-20. 41.0 38.0
20-30. 39.5 37.0
30-40. 39.5 36.5
4 -5 . 38.5 36.0
50-60. 37.5 35.0
6 -7 . 36.5 34.0
70-80. 35.5 33.0
477 First Avenue.
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